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A gel actuator includes: a gel having a projected part made of
an inductive high-polymer material; a positive electrode dis-
posed so as to be in contact with a top of the projected part;
and a negative electrode disposed in a position sandwiching
the projected part in a height direction in cooperation with the
positive electrode. When voltage is applied between the posi-
tive and negative electrodes, creep deformation occurs so that
the projected parts adhere to the positive electrode side, and
the gel contracts in the thickness direction.
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1
GEL ACTUATOR AND GEL USED THEREIN

BACKGROUND

1. Technical Field

The present invention relates to a gel actuator and a gel
used for the same.

2. Related Art

Since a gel made of polyvinyl chloride (PVC) has an action
that it is deformed when an electric field is applied, an actua-
tor using the behavior is proposed.

FIGS. 11A and 11B illustrate a bending action of a flexible
gel actuator. FIG. 11A illustrates a state where a positive
electrode 6a and a negative electrode 65 are disposed on both
sides of a gel 5 formed in a flat plate shape so that one end side
of'the gel 5 extends from the electrode ends. FIG. 11B illus-
trates a state where voltage is applied between the positive
electrode 64 and the negative electrode 64.

When voltage is applied between the positive electrode 6a
and the negative electrode 6b, electric charges are injected
from the negative electrode 65 into the gel 5, the electric
charges moved to the positive electrode 64 side are accumu-
lated in the positive electrode 6a and a portion near the posi-
tive electrode 6a before being discharged, and the action of
making the gel 5 electrostatically adhered near the positive
electrode 6a is made.

Deformation of the gel 5 is not simple bending but is
induced by creep deformation and is deformation that the gel
5 is concentrated at the end portion of the positive electrode
6a. When the electric field is eliminated, the electric charges
are discharged, the action that the gel 5 is adhered to the
positive electrode 6a is lost, and the gel 5 returns to the
original state by its intrinsic elasticity (FIG. 11A). Since the
bending deformation occurs accompanying the application of
voltage and the cancellation of the application of voltage, an
actuator can be formed by using the deformation action.

FIGS. 12A and 12B illustrate an action when a mesh-state
electrode is used as a positive electrode 7a and voltage is
applied between a negative electrode 76 disposed on the
under face of the gel 5 and the positive electrode 7a. FIG. 12B
is a state where voltage is applied. When voltage is applied,
the gel 5 enters gaps in the mesh of the positive electrode 7a
by creep deformation. Since the gel 5 enters the gaps, the gel
actuator becomes thinner as a whole. When the application of
the voltage is stopped, the gel 5 returns to the original state.
By performing the application of the voltage between the
positive electrode 7a and the negative electrode 76 and can-
cellation of the application as described above, the action that
the gel actuator expands and contracts as a whole in the
thickness direction is made. Consequently, the actuator can
be constructed by using the expansion/contraction action.

PRIOR ART DOCUMENT
Patent Document

[Patent Document] Japan Patent Publication JP 2009-273204
Al

Non-Patent Document

[Non-Patent Document 1] Journal of the Robotics Society of
Japan, Vol. 27, No. 7, pp. 718~724, 2009

SUMMARY

The actuator having the mesh-shaped positive electrode
has advantages such that a required displacement amount
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(stroke) can be obtained by employing a structure that an
electrode and a gel are alternately stacked, a relatively large
pressure force (action force) can be obtained, and periodical
driving of a few Hz to tens of Hz can be performed.

However, the mesh-shaped positive electrode is provided
also to assure the space in which the gel enters so that space
has to be assured by using a line having a certain thickness.
Consequently, there are a problem that the device becomes
heavy and a problem that rigidity becomes higher and flex-
ibility is disturbed.

The present invention is achieved to solve the problems and
an object of the invention is to provide a gel which can
contract in the thickness direction without using a mesh-
shaped electrode as a positive electrode and a gel actuator
using the gel.

A gel actuator according to the present invention includes:
a gel having a projected part made of an inductive high-
polymer material; a positive electrode disposed so as to be in
contact with a top of the projected part; and a negative elec-
trode disposed in a position sandwiching the projected part in
a height direction in cooperation with the positive electrode.
By applying voltage between the positive electrode and the
negative electrode, creep deformation occurs in the projected
part made of the inductive high-polymer material so that the
material is adhered to the negative electrode side, and the
interval between the positive and negative electrodes is
reduced. When the application of voltage between the posi-
tive and negative electrodes is cancelled, the projected parts
return to the original state by the elasticity of the inductive
high-polymer material itself.

The gel actuator can be constructed as a gel actuator of a
layer-stack type formed by stacking a plurality of the gel
actuators in a layout of electrically insulating the positive
electrode and the negative electrode between layers.

The gel actuator can be constructed in such a manner that
the gel has the projected part formed on one of faces ofa sheet
part made of an inductive high-polymer material, and the
negative electrode is disposed on a face opposite to the face
provided with the projected part of the sheet part.

The gel actuator can be easily assembled as a layer-stack-
type gel actuator, in which the gel is formed as a gel with a
negative electrode in which the projected part is formed on
one of faces of a sheet part made of an inductive high-polymer
material and the negative electrode is embedded in the sheet
part, or the gel is formed as a gel with a negative electrode in
which the projected part is formed on both faces of a sheet part
made of an inductive high-polymer material and the negative
electrode is embedded in the sheet part.

The projected part may be provided directly on the negative
electrode or the positive electrode, and the other electrode to
be paired is disposed while sandwiching the projected part.

As a gel used for the gel actuator, a gel with a negative
electrode having a configuration that the projected part is
formed on one of faces of a sheet part made of an inductive
high-polymer material, and the negative electrode is embed-
ded in the sheet part, or a configuration that the projected part
is formed on both faces of a sheet part made of an inductive
high-polymer material, and the negative electrode is embed-
ded in the sheet part is effectively used.

The gel actuator and the gel of the present invention per-
form the action of contraction (expansion/contraction) in the
thickness direction by application of voltage between the
positive and negative electrodes and cancellation of the appli-
cation by using the creep deformation ofthe gel without using
the mesh-shaped electrode, and an actuator can be con-
structed by using the action. Since the contraction action is
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performed by deformation of the gel itself, the size and
weight of the device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A to 1C are cross sections illustrating the configu-
ration of a gel used for a gel actuator.

FIG. 2 is a cross section of a forming die used for manu-
facture of the gel.

FIGS. 3A and 3B are explanatory diagrams illustrating the
configuration and action of the gel actuator.

FIG. 4 is a graph illustrating a measurement result of a
displacement characteristic of the gel actuator.

FIG. 5 is a graph illustrating a measurement result of the
displacement characteristic while changing application volt-
age.

FIG. 6 is a graph illustrating a measurement result of gen-
eration force of the gel actuator.

FIG. 7 is graph illustrating a measurement result of gen-
eration force of the gel actuator while changing application
voltage.

FIG. 8 is a graph illustrating a result of measurement of a
response characteristic of the gel actuator.

FIGS. 9A and 9B are explanatory diagrams illustrating the
configuration and action ofa gel actuator of a layer stack type.

FIGS. 10A and 10B are explanatory diagrams illustrating
the configuration and action of the gel actuator of the layer
stack type.

FIGS.11A and 11B are explanatory diagrams illustrating a
bending action of a flexible gel actuator.

FIGS. 12A and 12B are explanatory diagrams illustrating
the action of a gel actuator using a mesh-shaped electrode.

EXPLANATIONS OF LETTERS OR NUMERALS

10,11,12: gel

10a: projected part

104: sheet part

15: forming die

1554: flat-face recessed part

15¢: recessed part for forming a projected part
154: air hole

20: negative electrode

30: positive electrode
40,400,405,40¢,40d: gel actuator
50,60: layer-stack-type gel actuator

DETAILED DESCRIPTION

Configuration Example of Gel

A gel actuator according to the present invention is con-
structed by sandwiching a gel in a thickness direction by a
positive electrode and a negative electrode and using an
action that the gel contracts in the thickness direction when
voltage is applied between the positive electrode and the
negative electrode. The gel for use in the gel actuator of the
present invention is formed in a flat plate shape having a
number of projected parts formed in its surface. The positive
electrode is disposed so as to be in contact with the top of the
projected part formed in the surface of the gel, and the nega-
tive electrode is disposed on a face on the side opposite to the
surface provided with the projected parts.

FIGS. 1A to 1C illustrate an example of a gel 10 for use in
a gel actuator according to the present invention.

In the gel 10 illustrated in FIG. 1A, a number of projected
parts 10a are formed on one of faces of a sheet part 105 as a
base part of the gel. The projected parts 10a are formed so as
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to have the same height at equal intervals on the sheet part
105. The projected part 10a in the gel 10 illustrated in the
diagram is formed in a cylindrical object whose top part has a
hemisphere shape. The shape of the projected part 10a may be
set to an arbitrary shape such as a cone, a frustum, a pyramid,
a truncated pyramid, a spherical shape, or a hemispherical
shape. The height, width (diameter), and disposition intervals
(disposition density) of the projected parts 10a are not also
limited. The thickness, size, and the like of the sheet part 105
can be also properly set, and the plane shape of the sheet part
105 can be also set as an arbitrary shape such as a circular
shape, an annular shape, a quadrangle shape, or a hexagonal
shape.

FIG. 1B illustrates an example of a so-called gel with a
negative electrode, in which a negative electrode 20 is embed-
ded in advance in the sheet part 105 supporting the projected
parts 10q. In the case of constructing a gel actuator using the
gel 11 with the negative electrode, it is sufficient to dispose
the positive electrode so as to be in contact with the top of'the
projected parts 10a on the side where the projected parts 10a
are provided in the gel 11 and apply voltage between the
positive electrode and the negative electrode.

To construct a gel actuator by using the gel 10 illustrated in
FIG. 1A, the positive electrode is disposed so as to be in
contact with the top of the projected parts 10a, and the nega-
tive electrode is made in contact with the face on the side
opposite to the side of the sheet part 105 where the projected
parts 10a are provided. When the gel 11 with the negative
electrode illustrated in FIG. 1B is used, a layer-stack-type gel
actuator can be formed more easily as compared with the gel
10 illustrated in FIG 1A.

The negative electrode 20 is provided in an entire plane
region in which the projected parts 10a are provided by using
a conductive material such as metal foil. Since the negative
electrode 20 makes an electric field acted on the projected
parts 10a, the material and thickness are not particularly
limited. In place of metal foil, a conductive layer may be
provided by a method such as vapor deposition to form the
negative electrode 20. Although the negative electrode 20 is
usually provided on an entire face of the sheet part 105, the
invention does not exclude a change such that a small hole is
formed in the negative electrode 20 to control the electric field
acted on the projected parts 10a.

FIG. 1C illustrates another example of the gel with the
negative electrode, which is a gel 12 provided with the pro-
jected parts 10a on both faces of the sheet part 105. With a
shape in which the negative electrode 20 is embedded in the
sheet part 105 and the projected parts 10a are formed on both
faces of the sheet part 104, at the time of making the electric
field acted on the projected parts 10a on both faces, the
negative electrode 20 can be used as a common negative
electrode 20.

Also by the gel 12 with the negative electrode illustrated in
FIG. 1C, it is easy to form a gel actuator in a layer stack type,
and there is an advantage that an electrode for making the
electric field acted on the gel 12 can be commonly used
between the layers.

Method of Manufacturing Gel

As a gel foruse in a gel actuator, an inductive high-polymer
material in which a bending deformation and/or creep defor-
mation occurs when an electric field is acted can be used. As
such an inductive high-polymer material, polyvinyl chloride
(PVC), polymethylmethacrylate, polyurethane, polystyrene,
polyvinyl acetate, nylon 6, polyvinyl alcohol, polycarbonate,
polyethylene terephthalate, polyacrylonitrile, or the like is
used.
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In the embodiment, polyvinyl chloride (PVC) is used as the
material of a gel used for a gel actuator. Polyvinyl chloride has
advantages such that a deformation amount by the action of
an electric field is large, durability is high, and it is easy to
handle.

In practice, dibutyl adipate (DBA) is added as a plasticizer
to PVC, and the resultant is completely dissolved in tetrahy-
drofuran (THF) as a solvent to form a gel solution. The gel
solution is casted on a petri dish. The petri dish is disposed
horizontally. The gel solution is covered with a forming die
and left for a few days to make THF completely evaporated
and dried. After that, the gel is detached from the forming die,
thereby obtaining a gel provided with projected parts.

FIG. 2 illustrates a forming die 15 used for forming the gel
used in an experiment. The forming die 15 has a flat-face
recessed part 155 for forming the sheet part 106 in one of
faces of'a base material 154 having a flat plate shape, and has
recessed parts 15¢ for forming projected parts in an under face
of' the flat-face recessed part 1556. When the forming die 15 is
puton the gel solution casted on the petri dish (the forming die
15 in FIG. 2 faces downward), the gel solution enters the
flat-face recessed part 156 and the recessed parts 15¢ for
forming the projected parts. In this state, the gel solution is
turned into a gel. In such a manner, a gel having the projected
parts 10qa is formed.

The forming die 15 has air holes 154 communicating the
top part of the recessed part 15¢ for forming a projection (a
part corresponding to the top of a projected part) and the
outside. The air holes 154 are provided so that, when the
forming die 15 is put on the gel solution, air escapes from the
recessed parts 15¢ for forming projected parts, the top part of
the recessed part 15¢ for forming a projected part is reliably
filled with the gel solution, and the projected parts 10a are
formed in the predetermined shape.

With the forming die 15 illustrated in FIG. 2, the recessed
part 15¢ for forming a projected part is formed in a cone
shape, the depth (height of the projected part) of the recessed
part 15¢ for forming a projected part is 0.8 mm, diameter is 2
mm, and a pitch (interval between top parts of the projected
parts) is 3 mm. The diameter of the airhole 15415 0.3 mm. The
depth of the flat-face recessed part 155 (thickness of the sheet
part 105) is 1 mm.

As the forming die used to form a gel, a forming die of a
proper shape can be used in accordance with the size and
shape of a projected part formed in the gel. For example, by
using a mesh-shaped die in place of forming a recessed part
for forming a projected part, projected parts may be formed in
the gel. By applying the gel solution by a printing method
such as screen printing, projected parts can be formed.

For an experiment of the characteristic of a gel actuator
which will be described later, the gel 11 with the negative
electrode illustrated in FIG. 1B was used.

The gel 11 with the negative electrode was formed as
follows. 10 g of a PVC gel solution was casted on a petri dish
and left for a few days so as to be dried (to form a sheet part
on the lower side of the negative electrode). Subsequently,
stainless steel foil (having a thickness of 0.01 mm) as the
negative electrode was put on the dried gel, and 4 g of the gel
solution was casted on the stainless steel foil to fix the stain-
less steel foil. Subsequently, 20 g of the gel solution was
casted on the gel thinly remained on the surface of the stain-
less steel foil, the forming die 15 illustrated in FI1G. 2 was put
onthe gel solution, and the gel solution was dried. The gel was
taken from the forming die 15 to form the gel 11 in which the
negative electrode 20 is embedded.
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(Action of Gel)

FIGS. 3A and 3B illustrate a gel actuator 40 constructed by
disposing a positive electrode 30 for the gel 11 with the
negative electrode illustrated in FIG. 1B and the action when
voltage is applied to the gel actuator 40.

To contract the gel 11 in the thickness direction, the posi-
tive electrode is made in contact with the top of the projected
part 10a, and voltage is applied between the positive electrode
and the negative electrode. FIG. 3A illustrates a state where
the positive electrode 30 is disposed on the face provided with
the projected parts 10a of the gel 11, and the positive elec-
trode 30 is made in contact with the projected parts 10a. In
reality, the stainless steel foil as the positive electrode 30 was
disposed on a glass plate, and the gel 11 was put on the
stainless steel foil while the projected parts 10a were turned
downward to make the stainless steel foil (positive electrode
30) come into contact with the top of each of the projected
parts 10aq.

FIG. 3A illustrates a state where no voltage is applied
between the positive electrode 30 and the negative electrode
20, and FIG. 3B illustrates a state where voltage is applied
between the positive electrode 30 and the negative electrode
20. When voltage is applied between the positive electrode 30
and the negative electrode 20, electric charges are injected
from the negative electrode 20 into the gel 11 and the electric
charges passing through the projected parts 10a are accumu-
lated near the positive electrode 30. When the electric charges
are accumulated near the positive electrode 30, the gel is
electrostatically attracted to the positive electrode 30 side,
and creep deformation occurs in the projected parts 10a so
that the projected parts 10a are adhered to the positive elec-
trode 30. That is, when voltage is applied, the height of the
projected parts 10a decreases, and the thickness of the gel
actuator 40 decreases as a whole (contraction occurs). When
the application of voltage is cancelled, the electric charges
disappear by the discharge, the action that the projected parts
104 are adhered to the positive electrode 30 is lost, and the gel
actuator 40 returns to the original state by the elasticity of the
gel itself.

In such a manner, by repeating the operation of applying
the voltage between the positive electrode 30 and the negative
electrode 20 of the gel actuator 40 and cancelling the appli-
cation of the voltage, the gel actuator 40 alternately enters a
state where it contracts in the thickness direction and a state
where it returns to the original thickness.

FIGS. 3A and 3B illustrate the action (operation) when
voltage is applied between the positive electrode 30 and the
negative electrode 20 in the gel actuator 40 using the gel 11
with the negative electrode illustrated in FIG. 1B. Also with
respect to the gels 10 and 12 illustrated in FIGS. 1A and 1B,
by making the voltage acted between the positive electrode 30
and the negative electrode 20, a gel actuator which similarly
operates can be constructed.

In the gel actuator constructed by using the gel having the
projected parts 10a, when voltage is applied between the
positive electrode 30 and the negative electrode 20, creep
deformation occurs in the projected parts 10a and the pro-
jected parts 10a contract by using the action that the projected
parts 10qa are adhered to the negative electrode 20 side. Con-
sequently, a gel in any form can be used as long as it can
perform the action. For example, as the form of the gel with
the negative electrode, the present invention is not limited to
the form that the negative electrode 20 is embedded in the
sheet part 105 but may employ a form that the negative
electrode 20 is provided on one of faces of the sheet part 105
so0 asto be exposed and the projected parts 10a made of gel are
provided directly on the negative electrode 20. The invention
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may also employ a configuration that the projected parts 10a
made of gel are provided directly on the negative electrode 20
or the positive electrode 30 without providing the sheet part
105 and the electrodes are a pair which are disposed while
sandwiching the projected parts 10a.

Driving Characteristic of Gel Actuator

Hereinafter, a result of examining the drive characteristic
of'the gel actuator 40 (single-layer structure) using the gel 11
with the negative electrode illustrated in FIGS. 3A and 3B
will be described.

Displacement Characteristic

FIG. 4 illustrates a result of measuring how a displacement
amount in the thickness direction changes when voltage is
applied to the gel actuator. The measurement result relates to
the case where the application voltage was 1200V. The dis-
placement amount of the gel actuator was measured by using
a laser displacement measuring device. It is understood that
the gel actuator contracts when the voltage is applied and
returns to the original thickness when the voltage application
is cancelled.

FIG. 5 illustrates displacement amounts when application
voltage was set to 600V, 1200V, and 1800V for the same
sample as that used in the experiment of FIG. 4.

The measurement result indicates that the displacement
amount increases as the application voltage increases. The
displacement amount of the gel actuator when the application
voltage is set to 1800V is 0.17 mm at the maximum, The
displacement amount corresponds to about 14% of the thick-
ness of the entire gel actuator.

Generation Force

A pushing force (generation force) which is generated
when the gel actuator returns from the contraction state to the
original state was measured. The measurement was made by
a method of eliminating voltage from a state where the gel
actuator contracts due to application of voltage to make the
gel actuator expand and measuring the pushing force at the
time of expansion by a force sensor.

A sample of the gel actuator has a circular disc shape
having a size of 50 mm, thickness of a gel (including the
projected parts) is 1.15 mm, and stainless steel foil having a
thickness of 0.01 mm was used as the positive electrode.

FIG. 6 illustrates a result of measuring a pushing force
(generation force) when the application voltage was 1200V.
As the pushing force, about 350 Pa was obtained.

FIG. 7 illustrates a result of examining how the pushing
force changes by the application voltage. FIG. 7 illustrates
that as the application voltage increases, the pushing force
increases.

Response Characteristic

A sine wave of voltage 900V was applied to the gel actuator
using the gel with the negative electrode illustrated in FIG. 3
and a response characteristic of the gel actuator was mea-
sured. While changing the frequency of'the sine wave voltage
applied from 0.1 Hz to 10 Hz, the amplitude of the displace-
ment at that time was measured. FIG. 8 is a gain chart of the
displacement. The bandwidth is 2 Hz until the gain becomes
-3 dB. The measurement result indicates that the above-
described gel actuator sufficiently follows when the fre-
quency of the application voltage is about 2 Hz.

Another Configuration Example of Gel Actuator

The gel actuator used in the above-described experiment is
of the single-layer structure formed by a single gel. The gel
actuator can be used as a single-layer structure or a stacked-
layer structure in which gel actuators each as a unit are
stacked in the thickness direction.

FIGS. 9A and 9B illustrate an example of constructing a
gel actuator 50 of a layer stack type using the gel 11 (FIG. 1B)
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with the negative electrode and having the projected parts 10a
on one face. The gel actuator 50 is formed by setting the
projected parts 10a of gels to be stacked in the same direction
and stacking the gels 11 each with the negative electrode
while the positive electrode 30 is interposed so that the posi-
tive electrode 30 comes into contact with the top of each of the
projected parts 10a.

The positive electrodes 30 of gel actuators 40a and 405 as
units constructing the gel actuator 50 are connected to the
positive electrode of a power supply, the negative electrodes
20 are connected to the negative electrode of the power sup-
ply, and voltage is applied.

FIG. 9B illustrates a state where the voltage is applied.
When voltage is applied to the gel actuator 50, each of the gel
actuators 40a and 405 contracts in the thickness direction, and
the gel actuator 50 as a whole contracts in the thickness
direction. Since the contraction amounts of the gel actuators
40a and 405 are cumulated, the contraction amount (defor-
mation amount) of the gel actuator 50 ofa layer stack type can
be made larger than that in the case of using a single gel
actuator.

FIGS. 10A and 10B illustrate an example of a gel actuator
60 formed by using the gel 12 with the negative electrode and
having the projected parts 10a on both faces of a gel illus-
trated in FIG. 1C. Also in the gel actuator 60 of the embodi-
ment, the gels 12 are stacked while the positive electrode 30
is interposed between the projected parts 10a of the gels 12
stacked so that the positive electrode 30 comes into contact
with the top of each of the projected parts 10a.

In the gel actuator 60 of the embodiment, when voltage is
applied, the negative electrode 20 acts as an electrode com-
mon to the projected parts 10a on its both sides and the
positive electrode 30 acts as an electrode common to the
projected parts 10a on its both sides.

FIG. 10B illustrates a state where voltage is applied to the
gel actuator 60. The gel actuators 40c¢ and 40d as units con-
tract in the thickness direction, and the gel actuator 60 as a
whole contracts in the thickness direction.

The gel actuator 60 of the embodiment uses the gel with the
negative electrode and having the projected parts 10a on both
faces of the gel. Consequently, as compared with the case of
using the gel with the negative electrode and having the
projected parts 10a on its one face, a large displacement
amount can be obtained while reducing the size in the thick-
ness direction.

Although the gel actuator 50 illustrated in FIG. 9 is an
example of stacking two gels 11 as units and the gel actuator
60 illustrated in FIG. 10 is an example of stacking two gels 12
as units, an arbitrary number can be selected for gels stacked
in the gel actuator. By increasing the number of gels as units
stacked in the gel actuator, the displacement amount of the
entire gel actuator can be increased. By setting a gel actuator
of'alayer-stack structure, the generation force (pushing force)
accompanying the displacement of the gel actuator can be
also increased.

In the gel actuator 50 illustrated in FIGS. 9A and 9B, the
sheet part 105 also has an action of electrically insulating the
positive electrode 30 and the negative electrode 20 at the time
of stacking the gels 11 between the layers. At the time of
forming the layer-stack-type gel actuator by stacking gels
having the projected parts 10q, electric insulation has to be
provided between the layers so that the positive electrode 30
and the negative electrode 20 are not electrically short-cir-
cuited. A gel may be used as an insulating layer like the gel 11
or a configuration of stacking gels while providing a specific
insulating layer may be employed.
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The gel actuator according to the present invention has the
layout that a gel having the projected parts is sandwiched
between a positive electrode and a negative electrode in the
thickness direction and uses an action that the projected parts
are deformed when voltage is applied between the positive
electrode and the negative electrode. Consequently, a thin
conductive material such as metal foil can be used as each of
the positive and negative electrodes. Thus, the electrode can
be made thinner as compared with the case of using a mesh
electrode. Also in the case of stacking a number of gel actua-
tors, the size (thickness) and weight can be reduced. Since a
gel is very flexible and an electrode is also thinly formed and
flexible, they can be used effectively as components for driv-
ing which are requested to have flexibility.

What is claimed is:

1. A gel actuator comprising:

a gel having a projected part made of an inductive high-

polymer material;

a positive electrode disposed so as to be in contact with a

top of the projected part; and

anegative electrode disposed in a position sandwiching the

projected part in a height direction in cooperation with
the positive electrode.

2. A gel actuator of a layer-stack type formed by stacking a
plurality of gel actuators according to claim 1 as a layout of
electrically insulating the positive electrode and the negative
electrode between the layers.

3. The gel actuator according to claim 1, wherein

the gel has the projected part formed on one of faces of a

sheet part made of an inductive high-polymer material,
and

the negative electrode is disposed on a face opposite to the

face provided with the projected part of the sheet part.

4. The gel actuator according to claim 1, wherein the gel is
formed as a gel with a negative electrode in which the pro-
jected part is formed on one of faces of a sheet part made of an
inductive high-polymer material and the negative electrode is
embedded in the sheet part.

5. The gel actuator according to claim 1, wherein the gel is
formed as a gel with a negative electrode in which the pro-
jected part is formed on both faces of a sheet part made of an
inductive high-polymer material and the negative electrode is
embedded in the sheet part.

6. The gel actuator according to claim 1, wherein the pro-
jected partis provided directly on the negative electrode or the
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positive electrode, and the other electrode to be paired is
disposed while sandwiching the projected part.

7. A gel with a negative electrode for use in the gel actuator
according to claim 1, wherein

the projected part is formed on one of faces of a sheet part

made of an inductive high-polymer material, and

the negative electrode is embedded in the sheet part.

8. A gel with a negative electrode for use in the gel actuator
according to claim 1, wherein

the projected part is formed on both faces of a sheet part

made of an inductive high-polymer material, and

the negative electrode is embedded in the sheet part.

9. The gel actuator according to claim 2, wherein

the gel has the projected part formed on one of faces of a

sheet part made of an inductive high-polymer material,
and

the negative electrode is disposed on a face opposite to the

face provided with the projected part of the sheet part.

10. The gel actuator according to claim 2, wherein the gel
is formed as a gel with a negative electrode in which the
projected part is formed on one of faces of a sheet part made
of an inductive high-polymer material and the negative elec-
trode is embedded in the sheet part.

11. The gel actuator according to claim 2, wherein the gel
is formed as a gel with a negative electrode in which the
projected part is formed on both faces of a sheet part made of
an inductive high-polymer material and the negative elec-
trode is embedded in the sheet part.

12. The gel actuator according to claim 2, wherein the
projected part is provided directly on the negative electrode or
the positive electrode, and the other electrode to be paired is
disposed while sandwiching the projected part.

13. A gel with a negative electrode for use in the gel
actuator according to claim 2, wherein

the projected part is formed on one of faces of a sheet part

made of an inductive high-polymer material, and

the negative electrode is embedded in the sheet part.

14. A gel with a negative electrode for use in the gel
actuator according to claim 2, wherein

the projected part is formed on both faces of a sheet part

made of an inductive high-polymer material, and

the negative electrode is embedded in the sheet part.
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